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RESULTS OF A FLOW FIELD SURVEY CONDUCTED USING 
THE 0.0175 SCALE ORBITER MODEL 29-0 IN AEDC VKF 
TUNNEL B DURING TEST 0H52 

by 

B. J. Herrera, 

Rockwell International Space Division 
ABSTRACT 

Static pressure data and flow-field surveys of the hoiandary layer 
and shock layer on the lower surface of a 0.0175-scale model of the 
Space Shuttle Orhiter were obtained in the AEDC-VKF Hypersonic Wind 
Tunnel (B). The tests were conducted at Mach number 7-9 and Reynolds 
nianber based on the model length of 1.3 x 10® to simulate atmospheric 
entry. Twenty-six stations were surveyed at 30 and 35 degree angles of 
attack . 
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All data flguz^s are plots of FP/POl vs ZP and TTl/TO vs ZT. 
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The vork reported herein vme sponsored by the Johnson Speceoraft 
Center (lASA-JSC) for Rockwell International Space Division, Downey, 
California, under Program Element 921E. The work was done at the 
Arnold Engineering Development Center (AEDC), AFSC, hy ARC, Inc. 

(a subsidiary of Sverdrup & Parcel and Associates, Inc.), contract 
operator of AEDC, Arnold Air Force Station, Tennessee. The ARO 
Project lo. was VA52*». 

The tests were conducted in the 50-in. ^rpersonlc Wind Tunnel (B) 
on May 6 and 9> 19T^« purpose of these tests was to investigate the 
shock layer and boundary layer over the lower surface of an orblter model 
at simulated entry conditions. 

The test procedure was such that s\urv«ys of the model boundary layer 
were made while the model wall temperature was relatively low. This 
resulted in moderate (T^/T^»0.5) model wall-to-stagnation-temperature 
ratios and thus a well defined boundary-layer total temperature profile 
which permitted more accurate selection of the botindary-layer thickness. 

Most of the Information in this report was obtained from Reference 

lo. 1. 
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lONBICLATOBZ 


.* 


SOIBQL 

a 

ALPIA-NOOEL 

ALm-SECnOR 

CH 

CP 


L 

M 

Mff-nF 

P or p 
p-np 
IM or 
PO OP Pp 
POS 

POl or p'o 
PPl or Pp 
Q-IIP or 
RX 

RE /ft or Re/ft 
RBO-IIF 

ROLL-lfOIEL 

ALPHA-PREBEND 


nsFOinow 

Speed of sound, ft/sec 
Model angle of attack, deg 
Tunnel sector pitch angle, deg 
Pressure system channel numbers 
Pressure coefficient t 

CP . .?.rflE ; CP-MAX = PP-l-PzMF 

Q-HF » Q - INF 

Model reference length, 22.58 In. 

Mach number 

2 

Free-stream viscosity, lb»sec/ft 

Static pressure, psla 

Free*stream static pressure, psla 

Model surface static pressure, psla 

Tunnel stilling chamber pressure, psla 

Pressure systma valve position 

Computed free-stream pitot pressure, psla 

Survey pitot pressure, lover or Inboard probe, psla 

Pree«stream dynamic pressure, psla 

Reynolds number 

Firee-stream unit Reynolds number, ft~^ 

Free«stream density, slug/ft3 

Model roll angle, deg 

Sting offset angle 
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lOMEHCLATURE (Costlnued) 


? 


snaoL 

T 

T-UF 
TO or Tq 
TT l 
TIB 

TU or Ty 
u 

U-HF 

X 

T 

TAW 

ZP 

ZPl 

ZP2 

m 

ZT2 

o'jn 

6 

P 


lEmiTIOI 

static ten T>«ra tore, ^ 

Free-stream static tenperature, ^ 

Tuimel stilling chamber temperature i °R 
Survey total '' amperature; probe number 1, ^ 

Survey total tf perature^ probe number 2, ^ 

Model wall temperature, ^ 

Velocity, ft/sec 
Free-stream velocity, ft/sec 
Axial distance 

Clde distance from the model centerline, In. 

Model yav angle, deg 
Survey probe drive axle 

number 1 pitot probe height from the model along ZF, 
In. 

Humber 2 pitot probe height from the model along ZP, 
In. 

Number 1 temperature probe height from the model 
along 2P, In. 

Number 2 temperature probe height from the model 
along ZP, In. 

Model angle of attack, deg 
Boundary-layer thickness, In. 

Viscosity, Ib-sec/ft^ 

Density, slug/ft^ 
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lOMEVCLATURB (Concluded) 


( 

M 
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SniBOL lEFIUTIOB 

SUBSCRIPTS 

e Boundaiy-layer-edge condition 

Free«6tream condition 
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COlPICKmAIIOIS IBVESnaATED 

The Bodel; a 0.017^ -scale elnulatlon of the Space Shuttle Orbite" 
configuration 4^ was designated ae model 29-0 modified and Is defined on 
Rockwell Drawing VL70-000140B. It was constructed of 15-^ stainless 
steel and had no movable deflection surfaces. The basic configuration Is 
shown in Figure 2a and dimensional data are given in Table III. The 26 
static pressure orifices located on the lower surface of the model were 
made of 0. 063-in. -OD stainless steel tubing. Also on the lower surface 
were ten l/8>in. ehromel-constantan thermocouple gages to record the 
model surface temperature. The locations of the static pressure orifices 
and surface thermocouples are shown In Figure 2d and described In 
Table IF. 

The flow -field surveys were performed with the VKF 4 -deg-cf -freedom 
remote drive mechanism (Fig. 2b). This system positioned the probes over 
the stations to be surveyed and pitched the survey drive axis, ZP, such 
that the survey would be made nearly normal to the model centerline (the 
probe pitch drive was limited to 29 deg; therefore, surveys are slightly 
off the centerline normal). The model was injected at the prescribed an- 
gle of attack in the inverted position. Figure lb shows the probe 
coordinate system. Figure 2c shows the Installed model and probe. 
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The Tonnel B rtllUng eb«abcr presaur* wms mMsored with a lOOn-psid 
transducer areferencod tc z. near vacuum. The estimated uncertainty of 
±0.2 percent of the calibrated range for this transducer Is based on 
periodic comparison with a secondary standard. The stilling chamber 
temperature was measured with chromeD.-aiumel thermocouples which have 
an uncertainty of ±0.5 percent. The free -stream Mach number uncertainty 
is ±0.30 percent of the calibrated Mach number for the Mach 6 contour 
noBsle. The uncertainties of the free-stream properties were estimated 
by means of the Taylor series method of error propagation. 

Uncertainties, ± Percent 

^ ^ ^ Ls- EL 

0.3 0.8 0.5 2.1 0.75 1.5 1.5 l.t 

The model surface pressures were measured with 1-psid transducers 
with an uncertainty of ±0.001 psia. Using the Taylor series of Ci-ror 
propagation with this and the free-stream uncertainties, the uncertainties 
of the surface pressure data are as follows 1 

Uncertainties , Percent 
Bt/P-IHF ra/PO fm/poi ct 

0.8 1.6 2.1 1.7 

The flow-field survey probe support (Fig. 2b) has a Chronel-Alumel 
unshielded tocal tenq;>erature probe positioned outboard of the lower of 
two pitot probes. This temperatu.*e probe, m, was 0.010 In. in 
diameter and was used as the primary Instrument. Both the stilling 
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DtSnnMEVTATIOI (Concluded) 

chanber teaperature and the total temperature probe data vere reduced 
using the stilling chamber thermocouple calibration. 

The lower pitot probe, PPl, was constructed of 0. 020-in. OD tubing 
tapered to O.OlU in. at the tip and had an inside diameter of 0.010 in. 
This small tubing was used to minimize the flow disturbances and improve 
the data resolution in the model boundeiy layer. The other pitot probe, 
was located about 0.^84 in. above PPl and was constructed of 0.093- 
in. -OD tubing with an inside diameter of O.O63 in. 

Both FPl and PP2 were connected to 1^-psld transducers which were 
calibrated for a 5-psld range. For this range, these transducers have an 
uncertainty of ±0.01 psla which, when combined with the free-straam 
uncertainties, yield an uncertainty In the ratio PPl/p^ and PP2/p^ of 
from ±0.008 to ±0.027 for values of the ratio tror 0.25 to 3*5, 
respectively. 
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!P?OT PACIUTr EESCRimOI 

The Arnold Engineering Development Center (AEDC) Is an Air Force 
Facility located In Tullahona, Tenneesee. The tunnel used. Tunnel B, Is 
located In the von Kaman Facility portion of this center. Engineering 
and other technical operations In this tunnel are performed by contractor 
personnel of ABO, Inc. 

Tunnel B is a continuous, closed circuit, variable density vlnd 
tunnel with an axlsymnetrlc contoured nozzle and a 50-lnch diameter test 
section. The tunnel can be operated at a nominal Mach number of 6 or 8 
at stagnation pressures from 2.0 to 300 and ^0 to 900 psla, respectively, 
and at a stagnation temperature of up to 13^0^. The model may be in* 
Jected into the tunnel for a test run and then retracted for model 
I cooling or model changes without Interrupting the tunnel flow. 

A complete description of the facility is given In Reference 3» 
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TEST FROGEDDEI 


The teste vere conducted at a noadnail free -stream Mach nuaher of 
8 at a tunnel stilling chamber temperature of 13^^ • The other test 
conditions were as follows t 

lonlnal Test Conditions 

Pq (psla ) p,^ (psla ) T^(°R ) g^(psla ) Re/ft x 10"^ 

T-92 150 0.016 99 0.72 O.T 

Actual test conditions for each test run are sunaarlted In Table I. 

To satisfy the desired "cool wall" criterion, the Initial wall 
temperature and the time of aerodynamic heating of the model had to be 
minimized for each survey. High pressure air was used to cool the model 
when retracted after each survey, and the surface temperature thermo- 
couple outputs were visually monitored to determine when sufficiently 
low teuperature levels had been achieved (■^ 530 °R). 

During this procedure, the probe was repositioned to a predetermined 
location above the next planned survey location. Data acquisition began 
immediately after model Injection as the probes were driven t.^ward the 
surface at approximately 0.02 in. /sec with a total travel of about 3/h 
In. The data were recorded at 1. 5-sec Intervals. During this portion of 
the survey, the lower pitot probe output was visually monitored on an X- 
T plotter so that the probe drive speed could be reduced In a high 
pressure gradient region. 
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TEST PROCEDURE (Concluded) 

Ultimately, the data were recorded In a drive-pause manner to 
accommodate the longer pressure stabilization time In this region. Data 
acquisition terminated when the lover pitot probe contacted the model 
surface, triggering a foul circuit and recording the final survey data 
point. After driving the probes clear, the model was retracted from the 
tunnel for cooling and the cycle was repeated for the next run. 

The model static surface pressure data were obtained Independent of 
the flow-field survey data. 

Configurations, model attitudes and nominal condltionc tested are 
summarized in Table II. 
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DATA KEDUCnOV 

The 801:767 heights for the probes were computed using the geometric 
center of each probe and the relative positions of the probes. The zero 
probe height point, obtained when the lover pitot probe (FPl) made contact 
with the model, vas used to reference all probe heights to the model sur- 
face. 

The tabulated probe temperature data, TTl, are measured values 
and are not corrected for conduction or radiation losses. 

The boundary -layer thickness, 6 , was determined fzxmi the total 
temperature (TTl) profile by selecting the lowest height, ZTl, for which 
the total temperature was 99*5 percent of the maximum for that profile. 

The measured pitot pressure at this 6 and the model surface static 
pressure data were used to determine the boundary -layer edge Mach number. 
The other edge conditions were established with this Mach number and 
Isentroplc flow relations. These data are given in Table II. 

note that the present definition of boundary-layer edge is not 
unique since Mach number and other flow properties vary as a function of 
ZP in the region in question. However, the value of ZP at the edge using 
the present definition was numerically unique and should be useful in 
comparison with numerical results where the edge is similarly defined* 

Test data are plotted in the data figures and tabulated in the 
Appendix. 
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TABLE I. TEST CONDITIONS AT EDGE OF BOUNDARY LAYER 
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TABLE II. TEST SQMMABT 
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TABLE III. MOIEL DIMBESIOHAL DATA 

MODEL OCWffOHElIT: BODY B^^ 

GEHERAL EESCRIPTIOH; Vehicle 4 orblter fuselage 
A modified -l40B body where the model centerbody is the -139 lines 
centerbody from the original Model 29-0« -140B wing and nose sections 

were ade|>ted to it to form the -140B modified body. The OMS pods, 
cauiopy, and vertical tail were not modified to the -140B lines. The 
body flap, part of the model wing detail, was modified to the -140B 
lines. 

Mom SCAI2: 0,0175 

DRAWIWO mWBER: VL70-000200, 202, 203, VL70-0001U0B 


DIMENSION: 


FULL SCALE 

MOICL SCALE 

Length, in. (nose at 

X - 235) 

1293.3 

22.633 

Max Width, in. @ X - 

1520 

267.6 

4.683 

Max Depth, in. @ X ■ 

1450 

248.5 

4.349 

Fineness Ratio 


4.833 

4.833 
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SABLE III. MOIEL DINEISIOIAL DATA (Contlnuod) 

MODEL OOMPOliatTi CABOFT Cj 

(KIERAL EESCRIFTIOll: -139 Conflguntlon per Lines VL 7 O-OOOI 39 . 

Insufficient inforoation to complete dimensional data at this time. 
NOm SCAI2: 0.0175 

DRAWna niMBERt VL70-000139 

DIMEI8I0I: rOLL SCAIE MOIEL 8CA1E 

Length, in. (X^ - U33 to Xj, « 670)78 237 l».lV75 

Max Width, in. 

Max Depth, in. Sot defined 


20 



TABLE m 


Nom lOKBISIOlAL BATA (Coatlnued) 


MODEL OOMPOBXSTt BODT FLAP - F0 
QEIERAL leSCRIFTIOir: Configuration k 

MODEL SCALE} 0.0175 

ISAWISa BOMBER} VLTO-OOOlUOB, VL70-0002Q0 
DIMEISIOB} 

Length, In. 

Max Width, In. 

Max Depth, In. 

Fineness Ratio 
Area - Ft^ 


TOLL 3CAIJE 
9l^.856 
262.308 
23.000 


MOEBL SCALE 

1.660 

1^.590 

0.1*03 


Max Cross -Sectional 


Planform 

158.85350 

0.01*86 

Wetted 



Base 

1*1.8961*2 

0.0128 
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TABI£ III. MOIZL DIMEISIOSAL DMA (Contlautd) 

MOIEL COMFOnOTt ONS - Nj^ 

CElEEtAL DBSCBIFTIOVt Orbital maneuvariog fyaten pods looatad on tbe 
orbltar aft fuselage. 

MOEBL SCAI£J C.0175 
DRAWna UMBER: VL7C-000139 
DIMEHSIOBt 

Length, In. 

Max Width, in. 

Max Depth, In. 


POLL SCALE 

MOIEL SCALE 

3l»6.0 

6.0550 

106.0 

1.890 

U3.O 

1.9775 


^of ONS Fods 

WF - ^3.9 OPS: WF « IfOO + 63.9 - 1»63.9 
BF » 80.0 UPS 

Length: 121i».0 to 1^60.0 - 3l«6.0 IMPS 

BOTE: K 4 Identical to Mo of 2A configuration except Intersection to 
body 
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TABLE in. MOnSL DINSIBIOIAL BATA (Continued) 

MOIEii OOMFOHZHTt TERTICAL - Tj 

(SHBBAL KSCRIFTIOI: r!enterllne vertical tall, double wedge airfoil with 

rounded leading edge. 

MODEL SCALE: 0.0175 

DRAJOBO IWBEB: VL70-000139, WO-000095 

DIMEISIOVS: mL 8CAI£ MOIEL SCALE 

TOTAL DATA 


Area (Tbeo) 

429.92 

0.13044 

PLanfom 

Span (Theo), In. 

315.72 

5.52510 

Aepecc Ratio 

1.675 

1.675 

Rate of Taper 

0.907 

0.507 

Taper Ratio 

o.4o4 

0.404 

Sweep Back Anglee, degrees 

Leading Edge 

49.000 

45.000 

Trailing Edge 

26.249 

26.249 

0.29 Element Line 

41.130 

41.130 

Chords: 

Root (ibeo) WP 

268.90 

4.69875 

Tip (Theo) WP 

100.47 

1.8^22 

If 

199.81 

3.49667 

Fas. Sta. of .29 MAC 

1463.90 

25.61125 

W. P. of .29 MAC 

635.522 

11.12164 

B. L. of .29 MAC 

0.00 

0.00 

Airfoil Section 

Leading Wedge Angle, Deg. 

10.000 

10.000 

Trailing Wedge Angle, Deg. 

14.920 

14.920 

Leading Edge Radius 

2.00 

0.0350 

Fold Area 

13.17 

0.00403 


Blanketed Area 
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TABLE ni* MOIEL CaCEISIOlAL BATA (Concluded) 

MOTEL OOMFOIEIT: WIIO.¥ix5 

GKIEKAL EESCRIFnOl! Conflgureitlon k 

lOTSt Identical to except airfoil thickness. Dihedral angle is a- 
long trailing edge of vlng. 

MOIEL SCAI2: 0.017^ BRAVIVO KMBERt VLTO-OOOliKa, yLTO-COOSOO 


DDfEISIOlSi TOTAL DATA 

FULL SCAX2 

MOIEL 8CAUB 

Area (Theo.), Ft 

PlanfozB 

2690.00 

0.8238 

Spaa (Theo.), In. 

936.6815 

16.392 

Aspect Ratio 

2.265 

2.265 

Rate of Taper 

1.177 

1.177 

Taper Ratio 

0.200 

0.200 

Dihedral Angle, degrees 

3.500 

3.500 

Incidence Angle, degrees 

0.500 

0.500 

AsrodynaBic Tvist, degrees 

+ 3.000 

+ 3.000 

Sweep Back Angles, degrees 

Leading Edge 

A5.00 

A5.00 

Trailing Edge 

- 10.056 

- 10.056 

0.2^ Element Line 

35.209 

35.209 

Chords: 

Root (Theo.) B.PwO.O. 

689.2^29 

12.062 

Tip, (Theo.) B.P. 

I37.8W6 

2.kl2 

MAC 

^^7^^.8U7 

8.309 

Pus. Sta. of .2^ MAC 

1126.721 

19.718 

V. P. of .25 MAC 

291.00 

5.093 

B. L. of .25 MAC 

187.33^91 

3.278 

boosed data 

Area (Theo.). Ft^ 

Span, (Thee.), In. BP108 

1812.2205 

0.5550 

736.6816 

12.892 

Aspect Ratio 

2.058 

2.058 

Taper Ratio 

0.2k51 

0. 21^51 

Chords 

Root BP106 

570.6230 

9.986 

Tip 1.00 b/2 

137.8512 

2 .kl 2 

MAC 

35»^.2376 

6.199 

Pus. Sta. of .25 mac 

ll6l^.237 

20.37^^ 

W.P. of .25 MAC 

292.00 

5.110 

B.L. of .25 MAC 

239.67786 


Airfoil Section (RockveU Itod lASA)xm-61» 

Root h/2 - 0.113 

0.113 

Tip h/2 - 

0.12 

0.12 

Data for (l) of (2) Sides 
Leading Edge Cuff 

Planfom Area, Ft^ 

118.333 

0.0750 

Leading Edge Intersects Pus M. L. @ Sta 

505.0 

8.838 

Leading Edge Intersects Wing E Sta 

1003.5 

17.562 



24 































i 


Model InstallAtloD 
Figure 2. Continued. 



Model InetruDeotatlon 
Figure 2. Concluded, 
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